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O PACmEnJlHEMOCTH HOPMAJ1H3ATOPA 
TOPA B CHMnJlEKTHMECKHX PPynnAX * 



A. A. FajibT 



O , 

^ ' AHHOTau,Ha. B ^aHHofl paGoxe pemen Bonpoc o pacmenjiaeMocTH HopMajiHsaxopa 

. Topa B CHMnjieKTHHecKHX rpynnax nafl, KOHeHHbiMH noji3MH h na^i; ajire6paHHecKH 

[JL( '■ SaMKHyXblMH nOJIHMH nOJIOJKHTejIbHOH XapaKTepHCTHKH. 



KjiioHeBfcie cjiOBa: MaKCHMajibHtiii xop, HopMajiHsaxop xopa, cHMnjieKXHHecKaa 
rpynna, rpynna Befijia. 



BBe/i,eHHe 



KoHeHHbie rpynnbi jineBa xnna cocxaBjiaiox ochobhoh MaccHB KonenHbix npocxbix rpynn. Ohh 
BOSHHKaiox H3 jiHHeHHBix ajircGpaHHecKHX rpynn k&k MHOJKecxBO nenoflBHJKHbix xoneK SHflp- 
Mop(|)H3Ma CxeflnGepra. HycxL. G — npocxaa CBasnaa jinnennaa ajireGpannecKaa rpynna nafl 
^ _ ajireGpannecKHM saMbiKanneM ¥p Konennoro nojiH nojioJKHxejibnon xapaKxepncxHKH p, a — 
O ' 3n^oMop(|)H3M CxennGepra, T — MaKCHMajit.nt.iH cr-HnBapHanxnbiH xop b rpynne G. Xopomo 
H3Becxno, nxo Bce MaKCHMajiBntie xopt.i conpsjKenbi b G h 4)aKxoprpynna Nq{T)/T HSOMopcJ)- 



■ Ha rpynne BelijiH W rpynnt.1 G. BosHHKaex ecxecxBennt.iH Bonpoc: 
(N ! — — 

O ■ npo6jieMa 1. Onucamh epynnu G, e Komopux N-q{T) paciu^enJiHemcH Had T. 

m : 

ripn nepexo^e k KonenntiM rpynnaM jineBa xnna G Bosnnxaex anajiornnnbiii Bonpoc. Hycxt. 
T = TnG — MaKCHMajibnt.iH xop rpynnt.1 G, N = iV^(T) flG — ajireGpannecKnii nopMajinsaxop. 
^ I OxMexHM, nxo ^ Nc{T), no paBencxBo, Boo6iu;e roBopa, mojkcx napymaxtca. 



IIpoGjieMa 2. Onucamh spynnu G u ux MancuMaAbHue mopu T, e Komopux N pacvu^enAsi- 
emcH Had T . 

B ^annoH pa6oxe paccMaxpnBaioxca npocxbie CBaantie jinnennbie ajireGpannecKne rpynnt.1 G 
xnna C„. B 3xom cjiynae rpynna G jih6o o^^nocBHsna n G ~ Sp2„(Fp), jih6o hmccx npHcoe;i,H- 
HennbiH xnn n G ^ PSp2„(Fp). OxBex na npo6jieMy 1 ^aiox cjie;];yiotu;He j\Ba. yxBepjK^enna: 

TeopeMa 1. Uycmb T — MaKCUMaAtHuu a-UHeapuaHmHuu mop e spynne G = PSp2„(Fp) 
u N = Nq{T). Tozda mop T UMeem donojiHenue e N e moM u moAbKO e moM CAyuae, ecAU 
eunoAHSiemcsi odno U3 cAedytomux ycAoeuu: 



*Pa6oTa BbinojiHena npH (JjHHaHCOBOii no/mepjKKe Hay^Horo 4)OH;i,a KHTaiicKHx yHHBepcHTCTOB (noMep npo- 
eKTa WK0010000029). 
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(1) p = 2; 



(2) n ^ 2. 

Cjie^CTBHe 1. Uycmt T — MaKCUMaAbHuu a-UHeapuanmHuu mop e spynne G = Sp2„(Fp) 
u N — Nq{T). Toeda mop T uueem donojinenue e N e moM u mojihKO e moM cjiyuae, ecAU 
p = 2. 

HpH nepexo;];e k KonenHbiM rpynnaM jineBa Tnna G cymecTByex BsaHMHO-o^^HosnaHHoe coot- 
BeTCTBHe MeJKfly KjiaccaMH G-conpajKeHHbix MaKCHMajibHbix cr-HHBapHaHTHbix xopoB rpynnti 
G H KjiaccaMH cr-conpajKeHHOCTH rpynnbi Befijia W. B cjiynae CHMnjieKTHHecKHx rpynn Kjiaccbi 
(T-conpaaceHHOCTH rpynnbi W coBnaflaiOT c oSbihrbimh KjiaccaMH conpaaceHHOCTH h KajK^OMy 
xaKOMy KJiaccy cooTBeTCTByeT i];HKjiHHecKHii thh (rii) . . . {nk){nk+i) ■ ■ ■ {rim) - Otbbt na npo6jie- 
My 2 B cjiynae CHMnjieKTHnecKHx rpynn coflepacHTca b cjieflyioni,Hx flByx yTBepafflennax: 

TeopeMa 2. Uycmh q — cmeneuh Hucjia p, T — MaKCUMQAhHuu a-UHeapuanmHuu mop e 
epynne G = PSp2„(Fp) u T = T (1 G — coomeemcmeywvuuu MaKCUMaAbHuu mop e spynne 
G = PSp2„(5'), UMemvuuu mun (rTj) • • • (nfc)(nfc+i) . . . {rim). Tosda T UMeem donoAHCHue e N = 
Nq(T) nG 6 moM u moAbKO e moM CAynae, ecAU eunoAH^emcH odno us CAedywiu,ux ycAoeuu: 



(1) 


p = : 


2; 








(2) 


m — 


1; 








(3) 


m = 


2,k = 


2, HucAa ni,n2 — 


Heuemnue, q = 


3 (mod 4); 


(4) 


m — 


2,k^ 


1, rii — HenemHO, 


n2 — Htmno, q 


= 3 (mod 4); 


(5) 


m = 


2,k = 


0, HUCAU ni, 77-2 — 


Htmnue, q = 3 


(mod 4); 


(6) 


m = 


2,k = 


0, q=l (mod 4). 







Cjie^CTBHe 2. Uycmh q — cmenent, hucaq p, T — MaKCUMaAhHuu a-UHeapuanmHuu mop 

6 epynne G = Sp2„(Fp) u T = T n G — coomeemcmeywmuu MaKcuMaAhHuu mop e spyn- 
ne G = Sp2„(g), UMemmuu mun (Wi) . . . {nk){nk+i) ■ ■ ■ {rim) ■ Toada T uueem donoAuenue e 
N = Nq{T) nG e moM u moAhKO e moM CAynae, ecAU p = 2. 

Otmbthm, hto CHTyan;HH b KjiaccHHecKHX rpynnax, otjihhhbix ot CHMnjieKTHHecKHX, npe;:;- 
CTaBjiaeTca anaHHTejiBHo hhoh. B flajiBnenmeM, njiannpyexca nccjieflOBaTb npoGjicMbi 1,2 ^jia 
flpyrnx KjiaccnnecKHx rpynn. 

1 06o3HaHeHHa h HcnojibsyeMbie pesyjibTaxbi 

B paSoTC HcnojiBsyiOTca cjieflyionj,He oSoananennfl. Hepea {ni, ^2, . . . , rim} Bcer^a oSoanana- 
eTCH pasGneHHe nncjia n, p — npocToe hhcjio, q — neKOTopaH cxeneHb nncjia p. Fpynna Bcex 
no;],CTaHOBOK na n sjieMenxax oGosHanaeTCJi Sym^. CnMBOjiaMH e, Si Bcerfl^a o5o3Ha'ieHbi 3jie- 
MCHTbi MHOJKecTBa {+, — }.Hepe3 diag(Ai, A2, . . . , A„) oGoananaeTca ^naroHajibHaa: MaTpHn,a 
c sjieMenTaMH Ai, A2, . . . , A„ na flnaronajin. Hepes bd(Ti, T2, . . . , T„) oSoananaeTca Sjionno- 
flnaronajibnaa MaTpHn,a c KBaflparabiMH SjioxaMn Ti, T2, . . . , T„. ^jia rpynn T n H Bbipascenne 
T X H 6yfleT oSoananaTb nojiynpsMoe nponsBeflenne rpynn T n H c nopMajibnofi noflrpynnoii 
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T. riycTb T -K N noflrpynnbi b rpynne G, T < N. By^eM roBopHTb, hto N pacut,enAneMa Had 
T HjiH T uMeem donoAHenue e N, ecjin cymecTByeT no^rpynna H b G, xaKaji hto N = T xi H. 

OcHOBHbie CBC^CHHs: o jiHHeflHbix ajire6paHHecKHX rpynnax mojkho naflTH b [1]. HycTb G — 
npocxaa cBHSHaa ajireGpaHiecKaa rpyiiiia na^ ajire6paHHecKHM saMbiKaHHeM ¥p KoneHHoro no- 
jifl Fp. dopteKTHBHbiH 3HflOMop4)H3M (T rpynnbi G HasBiBaeTCfl andoMop^usMOM CmeuH6ep2a 
(cm. [2, onpeflejieHHe 1.15.1]), ecjin MHOJKecTBo ero nenoflBHJKHbix ToneK G^r KoneHHO. JlioSyio 
rpynny, y^^oBjiexBopHiomyio ycjiOBHio {Ga) ^ G ^ G^, 6yfleM naabiBaTb kohcuhou epynnou 
Aueea muna. Ecjih T — (T-HHBapHaHTHbifi MaKCHMajibHbifi Top rpynnbi G, to T = T fl G nasbi- 
BaeTCH jviaKCUMaAhHUM mopoM rpynnbi jineba Tnna G. Fpynny Nq{T) fl G 6y^eM o6o3nanaTb 
Hepe3 N(T,G) hjih npocTO N. Otmcthm, hto cnpaBefljiHBO BKjiiOHeHHe N(T,G) ^ Ng(T), ho 
paBencTBO, BOo6n],e roBopa, mo^kbt HapymaTbca. Hanpniviep, ecjin mm paccMOTpnM G — SL„(2), 
TO noflrpynna flnaroHajibKbix MaTpnii; T rpynnbi G TpnBnajibna, snannT, Ng{T) = G. Ho 
G = (SL„(F2))o-, r;i;e cr — 3n;i;oMop4)H3M CTennGepra a : (flij) i-> (af^). Tor;i;a T = T^r, vp^e T 
sBjiHeTCH noflrpynnoH flnaronajibnbix MaTpnn, b SL„(F2). TaKHM o6pa30M, N{G,T) sBjiaeTcs 
rpynnoii MonoMnajibHbix MaTpnn; b G. HosTOMy fljia rpynnbi N{G, T) 6y/j,eM Hcnojib30BaTb Tep- 
MHH ajise6pauHecKuu HopManuaamop. HMenno o6 ajireSpannecKOM HopMajiH3aTope roBopnTca b 
TeopeMe 2 n cjie^cTBnn 2. Ecjih H<G, to o6pa3 rpynnbi T b G/H nasbiBaeTCfl MancuMaAbHUM 
mopoM zpynnu G/H . 

B G Bcer^a ecTb a-HHBapHaHTHbiii MaKCHMajibMbiii Top, KOTopbifl ()yj\eM o6o3HaHaTb Hepe3 
T. Bee MaKCHMa/ibHbie Topbi conpaacenbi c T b G. Hepe3 N rW 6yfleM o6o3HaHaTb nopMajin- 
3aTop N-q(T) h rpynny Beiijia N/T cooTBCTCTBcnno, a Hepe3 tt — ecTecTBennbin roMOMop4)H3M 
H3 B W. ^eiiCTBHe o" na onpe^ejiaeTCH ecTecTBcnnbiM o6pa30M. 3jieMenTbi wi,W2 Ha3bi- 
BaiOTCfl cr-conpajKennbiMH, ecjin wi — {w~^Yw2W fljia nexoToporo sjiCMcnTa w h3 W. 

IIpeflJioxceHHe 1. [3, npefljioJKenne 3.3.1 n 3.3.3]. Top sieAsiemcn a-UHeapuanmHUM 
mozda u moAhKO mosda, Kosda g'^g~^ G N . Omodpaotcenue i->- 'K{g'^g~^) sadaem 6ueK- 
yuw Meoicdy KAaccaMu G -conpnotctHHUx a-UHeapuanmHux mopoe spynnu G u KAaccaMU a- 
conpHotceHHOcmu apynnu W . 

KaK cjieflyer, h3 npefljioacenna 1 CTpocHne Topa {T^)a rpynnbi G onpe;];ejiJieTCH TojibKO 
KjiaccoM (T-conpHJKeHHOCTH sjieMCHTa Ti^g^g^^). J^yj\eM roBopnTb, hto Top T rpynnbi G UMeem 
mun w, ecjiH T = {T^)a flJia nexoToporo g E G Taxoro, hto 7T{g'^g~^) = w. 

npeAJio:a<:eHHe 2. [4, JleMMa 1.2]. Uycmh g^g'^ eNu n{g''g-^) = w. Tosda (T^)^ = (T^^y, 
sde w deucmeyem na T conpnotceHueM. 

IIpefljioxceHHe 3. [3, npefljiojKenne 3.3.6]. Tlycmt, g'^g~^ E N u 'K{g'^g~^) — w. Tosda 

{N^{T'))„/{T\ ~ CwA^) = e W\{x-^Ywx = w}. 

2 CHMnjieKTHHecKHe rpynnbi 

B flannoM pa3flejie paccMaTpnbaiOTCfl CHMnjieKTHnecKne rpynnbi Sp2„(Fp), accoi^nnpoBannbie 
c 4)opMOH xiy-i — X-iyi + . . . + Xny-n — X-nUn- Hepe3 PSp2„(Fp) o6o3naHaeTC5i 4)aKToprpynna 
rpynnbi Sp2„(Fp) no ee ii;eHTpy. IlycTb G — npocTaa CBH3Ha5i jinnennaji ajire6paHHecKaji rpynna 
Tnna C„. B stom cjiynae rpynna G jihGo oflHocB5i3na n mm Gy^eM o6o3naHaTb ee Hepe3 Ggc, 
jih6o HMeeT npncoeflnnennbiii thh h Gy^eT o6o3naHaTbca Hepe3 Gad- npn 3tom Gsc — Sp2„(Fp) n 
Gad — PSp2„(Fp). Ctpokh h CT0Ji6n;bi cnMnjiCKTHHecKHx MaTpnn; pa3MepnocTH 2n nyMepyiOTca 
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B nopflflKe 1,2, ... ,n, —1, —2, . . . , —n. B KanecTse MaKCHMajitHoro cr-HHsapHaHTHoro Topa Tgc 
B Gsc BOSbMeM rpynny Bcex MaxpHii; BH^a hd{D, D^^). vjxc D — HeBBipojKfleHHaH ^^HaronajibHaa: 
MaTpHii;a pasMepa n x n. Hepes Ngc ^YA^m oSosHanaTb iiopMajmsaTop Topa Tgc b Gsc, a nepes 

Tad H ^ad 6y/J,eM 0603HaHaTb o6pa3 rpyilllbl T^^ H Ng^ B Gad COOTBCTCTBeHHO. 

/^eiicTBHe rpynnti Benjia W na Tg^ peajiHsyeTca nepecTanoBKoii sjieivieHTOB na flnaroHajin. 
Fpynna Ngc flBjiaeTCfl noflrpynnoii MOHOMHajitHbix MaTpnii; h cymecTByeT BjiojKeHne rpynnbi 
W B rpynny noflcxanoBOK na MHOJKecTBe {1,2, ... ,n, —1, —2, ... , —n}. 06pa3 rpynnbi W npn 
3TOM BjiojKeHHH coBna^^acT c rpynnoH Sl„ xex no^^cTanoBOK (f, jj^jis KOToptix cnpaBeflJiHBO 
paBCHCTBo ^{—i) = —^{i)- OnpeflejiHM cjieflyion^ne sjieMenTbi h3 S1„: 

(^1 = (1, 2)(-l, -2), (^2 = (2, 3)(-2, -3), . . . , ^n-i = (n - 1, n){-{n - 1), -n), r = {n, -n). 

Torfla Sl„ = {tpi, 992, • • • , Vn-i, t)- 3jieMeHTbi ipi, ip2, . . . , (fn-i, t cooTBeTCTByioT rpa4)y Kokc- 
Tepa THna C„: 

• • • • 



B HacTHOCTH, 3jieMeHT T(/9„_i HMeeT uopsflpK 4 H T(pi = ipiT jiJiii Bcex i G — 2}. J\jiii 

nopojK^aiomHx sjieMenTOB rpyiiiibi Sl„ Bbi6epeM cooTBeTCTByion],Hx iipeflCTaBHTejien h3 N g^. 
rTycTb In — eflHHHHnaa MaTpHn;a pasMepa n. 



Q 







In 





Tor^a Sp2„(Fp) = {A e GL2n(Fp)|A*''(5A = Q}. HocKOJibKy CHMMeTpHHecKaa rpynna Sym2„ 

KanoHHHecKHM o6pa30M H30Mop4)Ha rpynne no;];cTaHOBOHHL.ix Maxpnu; pa3MepHOCTH 2n, mbi 
6y^eM OTOJK^ecTBjiHTb sjieMeHTbi bthx rpyiiii. Tor^a sjieMeHTbi t^i, Lp2; ■ ■ ■ : Vn-i Jie^aT b N g^, 
a B Ka^ecTBe iipe/],CTaBHTejiH CMejKHoro Kjiacca, cooTBCTCTByiomero sjiejvieHTy r, B03bMeM cjie- 
flyion];HH: 



To 



/ 4-1 








o\ 











1 








I n-1 





^ 


-1 








3 T^OKaaaTejibCTBO xeopeMbi 1 

SaMenaHHe 1. B cjiyuae uerrmou xapaKmepucmuKU uoah eunoAHHemcH paeencmeo t = Tq 
u spynna Hg^ = {fi, (p2, • • • , fn-i, Tq) ^eAnemcn donojiHenueM djiM mopa Tg^. e Ng^. IJocKOAh- 
Ky v,eHmp Sp2„(Fp) mpueuaAen, mo Sp2„(Fp) = PSp2„(Fp) u spynna Hgc maKotce mnfiemcn 
donoAHCHueM dAA Tad e Nad- 

JleMMa 1. Uycmb Tgc — MaKCUMQAhHuu a -UHeapuaHvnHuu mop e spynne Ggc — Sp2„(Fp). 
EcAU n e {1,2}; mo mop Tad UMeem donoAHenue e Nad- 

/J^OKasameAbcmeo. Ecjih n = 1, to nojioJKHM Hg^ = (tq), Had ^ o6pa3 rpynnbi Hg^. b PSp2(Fp). 
Tor^a Tq = —I2 JiejKHT b n,eHTpe Sp2(Fp) n Had sBjiaeTCfl flonojinenneM fljia Tad b Nad- B 
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cjiynae n — 2 rpynna W — {(fi, T),(f1 — — {fiT)^ — e. IIojiojkhm Hgc — {si,t), r^e 



/ 1 \ 

10 

1 

\ 1 y 





a 








o\ 













1 










a-' 





I 





-1 





0^ 



H a G ¥p, o? = —1. Torfla Si, t G Sp4(Fp), si = I,t^ = (sit)"^ = — /• HycTb Had ^ o6pa3 rpynnti 
Hgc B PSp4(Fp), Tor^a Had aBjiaeTca flonojineHHeM fljia Tad s Nad- □ 

JleMMa 2. Hycmb Tgc — MaKCUMUAhHuu a -UHeapuaHuiHuu mop e zpynne Gsc = Sp2„(Fp). 
Toeda 

(1) EcAU xapaKmepucmuKa nojin Fp HeHemna, mo mop Tsc "ne UMeem donoAHenua e Gsc] 

(2) Ecjiu n 3 u xapaKmepucmuKa nojiA ¥p Henemna, mo mop Tad we UMeem donoAHenuH 

6 Nad- 

/foKosameAhcmeo. (1) npe/j,iiojioJKHM npoTHBHoe. HycTi. Hg^ — ^onojiHeHHe Tgc b Ngc h 
t — npooSpaa sjieivieHTa r b Hsc- Tor^a — I. C flpyroii CTopoHbi, sjieivieHT t HMeeT bh^ 

t = diag(i/i, . . . , Un-l, Vn, i^r\ ■ ■ ■ , K-l^ -'^n^)^0, 

fljia HeKOToptix HenyjieBbix flnaroHajiBHbix sjieivieHTOB i/j. Cjie/],OBaTejii>HO, 

= diag(i/l^...,l/^_^,-l,i/f^...,i/-fl,-l). 

HpoTHBopeHHe c TBM, HTO eflHHHHHaa MaTpHn;a. 

(2) ripeflnojioJKHM npoTHBHoe. ITycTb Had — flonojineHHe fljia Tad b Nad h Sn-i, t — npooSpasti 
3jieMeHTOB r b i^arf. Tor^a = t ^ = / h = 7, r^e 7 — eflHHHHHbifl sjieMenx 

B PSp2„(IFp)- HycTB Tf^c ~ npoo6pa3 Had b A^'^c h Sn-i^^ ~ npoo6pa3Bi sjieivieHTOB b 
i7sc- Torfla 

i = diag(i/i, i/2, ■ ■ ■ , i^n, i^r\ i^2"\ ■ ■ ■ > -i^n ^)'ro, 

fljifl HeKOTopbix HenyjieBBix flHaroHajiBHbix sjieivieHTOB /Xj, i/j h MaxpHi^bi (s„_i)^, i^, (s„_it)^ jie- 
jKaT B ii,eHTpe Sp2„(Fp), b nacTHOCTH, flBjiaiOTCfl CKajiflpHbiMH. HenocpeflCTBeHHO npoBepaeTca, 

{sn-if = diag(/i 

^2 = diag(l/i2,...,I/2_2,I/2_^,-l,I/-2^...,I/-22,i/-2^,-l), 

OTKyfla, B nacTHOCTH, //f = //j"^ h i/^ = i/"^ ^ajiee, 

(S„_li)^ = diag((AiiI/i)'^, . . . , (Ai„_2^'n-2)'', -1, -1, (Aill^l)""^, • • • , {lJ,n-2l^n-2)~^ , "1, -1), 

OTKyfla (/iii^i)^ = —1. HpoTHBopeHHe c ix\ — — 1. □ 

TeopeMa 1 cjieflyex hs saMenaHHH 1, jieMMbi 1 h nyHKxa (2) jieMMbi 2. CjieflcxBHe 1 cjieflyex h3 
3aMeHaHHfl 1 h nynxxa (1) jieMMbi 2. 
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4 BcnoMoraxejibHbie peayjibTaxbi 



riycTb a OTo5pajKacT GL2Tt(Fp) b ce6H no iipasHjiy (fljj) h-)- (a^^), r^e q — cxeiieHb iipocToro 

HHCJia p. ToTf\a. G = G^r = Sp2n{l) H G = O'^' (Gcr) = PSp2„(q'). Otmcthm, hto TaKHe o6o3Ha- 
HeHHfl 6yflyT yfloSHti npn flajibHeiinieM H3Ji0JKeHHH, HecMoxpa na to, hto b Teopeivie 2 rpynna 
PSp2„(?) o6o3HaHeHa nepea G. OToSpaaceHHe a fleftcTByeT na ~ Sl„ TpHBHajitno, nosTO- 
My Kjiaccbi (7-conpajKeHHOCTH coBiia^aroT c o6l.ihhl.imh KjiaccaMH conpflaceHHOCTH. OnycTHB 
3HaKH Tiepeji sjieMenxaMH h3 {1,2, ... ,n, —1, —2, . . . , —n}, HOjiyHHM roMOMopcJ^HSM h3 rpyn- 
Hbi Sin Ha rpynny Sym^. HycTb ip G Sl„ OToGpaxcaeTCH b li,hkji {iii2 ■ ■ - ik) h ocxaBjiaeT na 
MecTe Bce sjieMeHTbi, OTjiHHHbie ot ±ii,±i2, . . . ,±ik- Ecjih ip{ik) = ii, to nasoBeM (p noAO- 
ofcumejibHUM x^ukaom Ojiuhu k; ecjiH (f{ik) — —ii, to Ha30BeM (f ompu%ameA'bHUM %ukaom 
djiuHu k. 06pa3 npoH3BOJibHoro sjieMeHTa (f h3 S1„ eflHRCTBeHHtiM o6pa30M pacKjiaflbiBaeTca b 

HpOH3Be;];eHHe He3aBHCHML.IX H;HKJI0B, H B COOTBeTCTBHH C 3THM pa3JIO>KeHHeM (/? e;];HHCTBeHHbIM 
06pa30M HpeflCTaBHM B BHfle HpOH3BefleHHa He3aBHCHML>IX IIOJIOaCHTejIBHblX H OTpHH,aTejIL>HL>IX 

h;hkjiob. ^jihhbi sthx h;hkjiob BMecTe c hx 3HaKaMH 3aflaiOT MHOJKecTBO H;ejibix nnceji, KOTopoe 

Ha3bIBaeTCa H,HKJIHHeCKHM THHOM SJieMeHTa (f. 

^Ba sjieMeHTa h3 S1„ conpajKeHbi Tor^a h TojibKO Tor^a, Kor^a hx H;HKjiHHecKHe thhm 
coBHa;];aioT. IlycTb n = n' + n" , a {ni, . . . ,nk} h {n^+i, . . . ,nm} — pa36HeHHH HHceji n' h n" , 
cooTBeTCTBCHHO. LI,HKjiHHecKHH THii {— ni, . . . , —Uk, Uk+i, ■ ■ ■ , fim} 6y/],eT o6o3HaHaTbC3 Hepe3 
(rir) . . . (nfc)(nfc+i) . . . (n^). B flajibHefimeM 6yflyT HCH0Jib30BaTbCfl cjieflyioiLi,He sjieivieHTbi: 

ai = (l,2,...,ni), 

CTi+i = {rii + . . . + rii + l,ni + . . . + Hi + 2, . . . ,ni + . . . + Hi + n^+i), 

= (1, 2, . . . , ni)(-l, -2,..., -ni), 
ooi+i = + . . . + ni + l, . . .,ni + . . . + ni+ni+i){-{ni + . . .+ni + l), -{ni + . . .+ni + ni+i)), 
roi = (1, 2, . . . , m, -1, -2,..., -m), 

Wi+i = (ni + . . . + ni + l, . . . ,ni + . . . + ni + ni+i, -{ni + .. . + ni + l), -{ni + .. . + ni + ni+i)), 
ri = (l,-l)(2,-2)...(ni,-ni), 

Ti+i = {rii + . . . + Hi + 1, -{rii + . . . + rii + Ij) . . . {rii + . . . + Hi + n^+i, -(ni + . . . + + rij+i)). 

B KanecTBe CTaH^apTHoro npeflCTaBHTejia Tnna (nT) . . . {nk){nk+i) ■ ■ ■ {rim) 6yfleM HCHOJib30BaTb 
Ho;];cTaHOBKy nji . . . nJkUJk+i ■ ■ ■ ^m- CTpoenne MaKCHMajibHbix TopoB b rpynnax Sp2„(Q') xopomo 
H3BecTHo. BocHOJib3yeMca 3thm oHHcaHHeM H3 paGoTbi [4, IIpeflOJiJKeHHe 3.1]: 

IIpe^jioiKeHHe 4. Tlycm'b w — cmaHdapmHuu npedcmaeumeAb muna 
(r!7) . . . (n^)(nfc_|.i) . . . (n^). IJoaochcum Ei = —, ecAU i ^ k, u Ei = + e npomuenoM 
CAynae. Uycmh T — nodzpynna e Sp2„(Fp), cocmomnaA us ecex duaeonaAhHux Mampun, euda 

bd(L>i, L>2, . . . , D-'), 

dde Di = diag(Aj, X'^, . . . , \ j ' ), Xf '"'^'^ = 1 Baa ecex i E {1,2, . . . , m}. Todda ~ T . 

HycTb N = {NQ{T))crw HocKOJibKy {Nq{T^))^ — ((A^q(T))o.^)^', to b CHjiy npefljioaceHHa 3 
HMeeM 

N/T = (iV^(T)),^/T,^ ~ {Nj;(t'))J(t')„ ~ Cw^aM = Cw{w). 

SaMenaHHe 2. Kan omMenaAoch e saMenaHuu 1, e CAyuae uemHou xapaKviepucmuKu uoaa 
spynna Hgc — Sl„ codepotcumcA e Ngc- Oueeudno, umo H = {Hsc)a = ^ Sp2„((z). Kpoue 
mo20, N/T ~ Cw{w) u N ^ T ><\ H . CAedoeameAbHO, cyxjuecmeyem nodspynna ~ Cwiw) 
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6 spynne H , maKaa nmo N — T x Hy,. Tqk kuk x^enmp Sp2„(g) mpueuajien, mo Jim6ou mqk- 
cuMajibHuu mop spynnu PSp2„(g) maKotce UMeem donojiHenue e ceoeM HopMa/iusamope. 

Bciofly flajiee paccMaTpHsaeTCfl cjiynafi HeneTHOH xapaKTepncTHKH nojia ¥p. 3jieMeHTi>i 
zui, . . . , zuk, ouk+i, ■ . ■ , uJm, Tfc+i, ■ ■ ■ ,Tm JieacaT B Cwiw). BbiSepcM iipeflCTaBHTejieii ^jis sthx 
3jieMeHTOB B rpynne N. 3jieMeHTL.i cok+i, ■ ■ ■ .cOm npHHa;];jie>KaT Sp2„(5'), a snaHHT h N. Hepea 
Ij = diag(l, ... ,1,1) a Cj = diag(l, . . . , 1, — 1) 5y/j,yT o5o3HaHaTbCH e^HHHHHaa h ^HaroHajib- 
Haa MaTpHii,t>i pasjviepa rij cooTBexcTBeHHo, a nepea / — eflHHHHHaa Maxpni^a Bcen rpynnti. B 
KanecTBe npeflCTaBHTejieii sjieivieHTOB zui, . . . , vo^ h t^+i, . . . , b rpynne N B03bMeM cjieflyio- 
n];He: 

bd(Ji, . . . , Ij-i, Ij, Ij+i, . . . ,Im,h, ■ ■ ■ , Ij-i, Cj, Ij+i, . . . , Im)^j 1 ^ j ^ k; 

bd(/i, . . . , Ij-i, Ij, Ij+i, . . . ,Im,Il, ■ ■ ■ , Ij-l, -Ij, Ij+l, Im)Tj AJIH k + 1 ^ j ^ m. 

HanoMHHM, HTo Mbi oTOJKflecTBjiaeM cooTBeTCTByiomHe sjieMeHTbi rpynnbi noflCTanoBOHHbix 
MaxpHii; pasMepHOCTH 2n h rpynnbi no^^cTanoBOK Synig^. Bojiee Toro, cymecTByex ecxecTBeHHoe 
BjiojKeHHe rpynnbi GL„.(Fp) (cooTBexcTBeHHo, GL2„.(Fp)) b rpyiiiiy GL„(Fp) (cooTBeTCTBenno, 
GL2n(Fp)) H Mbi Gy^eM oTOJK^ecTBjiflTi. cooTBeTCTByK)ni,He sjieMenTbi, ncnojitayfl xe jkb 
o6o3naHeHHfl Ui (cooTBeTCTBenno, uJi,zUi,Ti). 

B flajibneiinieM naivi noTpeSyiOTCfl cjieflyioni,He jieMMbi 3-7. 

JleMMa 3. Ilycmb {rii, 77,2} — pasSuenue hucag n. riycmh si = bd(Ti, T2)ai, S2 = bd(T/, T2)<72, 
sde Ti = diag(Ai,A2,...,A„J, T2 = diag(/Xi, /i2, • • • , /"na); T[ = di&gi^X'^^X'^, . . . , X^^) , = 
dia.g{ fj,[, fi'2, fi'n J ■ Tozda ecAU S1S2 = S2Si{zI) Oah HeKomoposo z G ¥p, mo A'^^ = X'^z, 
Hj = Hj+iz, X'l = X^n^z, iin-i, = l^iz, zde i e {1, 2, . . . , ni — 1}, j e {1, 2, . . . , n2 — 1}, a manotce 

floKaaamcAhcmeo. B CHjiy paBencTBa S1S2 = S2Si{zI) HMeeM TiUiT^ = T[TiaizIi n T2T20'2 = 

2^2*^272-2-^2 • CjieflOBaTejIbHO, 

Ti{Tiyi' = TlTizh = TiTlzh h = {T[Y^zh. 

OiKyj^a, nojiynaeM, hto X[^i = X[z p^jis Bcex i G {1, 2, . . . , ni — 1} h A'^^ = A'„^2;. Hs nojiyHennbix 
paBencTB HMeeM A'^ = A^^z = A^^^^^^;^ = . . . = X[z"^ h 2;"^ = 1. AHajiorHHHO, iiojiynaeM 

T2T^a2 = T^a2T2zl2, T2T^ = mT2zl2y^' n {T2y^ = (^2)^/2- 

TaKHM o6pa30M, /ij — /ij+iz p^jis Bcex j e {1,2, ...,712 — 1}, iin2 — A*i-2 ^ ^ax cjie^CTBHe 
nojiynennbix paBencTB HMeeM z'^'^ — 1. □ 

JleMMa 4. Ilycmh {711,772} — pasSuenue Hucjia n, q — Henemno. Ilycmh 

ti — hd{Ti, D2,T2, D2^)wi, t2 = ^d{D[,T2, {D[)~^ ,Tl)zu2, sde Ti,T2,T^,T'^ — npouseoAbuue 

HeeupocHcdeHHue Mampuv,u, D2 — diag(//i, //^, . . . ,^\^ ), D'-^^ — diag(A2, X\, . . . ,X\^ ). Tosda 

(1) EcAU tit2 — ^2^1 7 Tno ix\ — }^ — l; 

(2) EcAU tit2 = —t2ti, mo iJ,l = Xl = —1 u ni,n2 — HenemHU. BoAee mozo, 11^^ = —1, ecAU 
n2 > 1 u A|~^ = —1, ecAU 7ii > 1. 
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/JoKasameA'bcmeo. HycTb D = bd(D2, (^2)"^), D' = hd{D[, (D[)-^). 

(1) AHajiorHHHo ^^oKasaTejibCTsy jieMMt.1 3 paBCHCTBo tit2 = ^2^1 paBHocHjibiio jxbym paBcu- 
CTBaM D'^^ = D n [D')™^ = {D'). Hs iicpBoro paBCHCTBa cjiepyeT, hto Bce /j,HaroHa.;ibHbie 
3jieMeHTt>i MaxpHi], D2 h -D^^ coBnaflaioT. B nacTHocTH, ni = /i^^, oTKy^a /if = 1. AHajioranHo 
H3 BToporo paseHCTBa nojiynaeM A| = 1. 

(2) B flaHHOM cjiynae paBencTBO tit2 — —^2^1 paBHOCHjibHO flByM paBencTBaM D^^ — —D h 
(D')^i — —{D'). H3 nepBoro paBencTBa cjie^yeT: 

-1 g"2-l 
— o"2-l _o"2-2 

^ 1 9-1 1 -1 g"2-i . ^x2 g"2-2 

Ljie^oBaTejibHO, npn ^2 > 1 HMeeM = —1 n ji-y — —jii — — ... — 

(— OTKyjxa. fil = (— TaK KaK (g — 1) — hctho, to 712 ;];oji>kho Gbitb HeneTHbiM h 
/xf = —1. B cjiynae n2 = 1 nojiynaeM, hto = — /xi, OTKy^a /x^ = —1. AnajiorHnHo, h3 
BTopoi o paBBHCTBa nojiyHacM, hto rii Taxace flOJiacHO 6biTi> HeM^eTHbiM, A2 = — 1 h ecjiH rii > 1, 
TO Al"^ = -1. □ 

SaMenaHHe 3. SaKAWHenue acmmu 4 maKotce cnpaeedAueo Oah 6AOHHO-dua30HaA'bHux Mam- 
puv, c KOAUHecmeoM 6aoko6 6oAhme deyx. 

Cjie/],CTBHe 3. Uycmh {ni,n2} — paaGuenue uucAa n, Ui = hd(Ti, D2,T3, D2^)ti, U2 = 
hd{D[,T2, {D[)~^ ,T^)t2, sde Ti.Tl^^T^^T'^ — npouseoAhHue HeeupocHcdeuHue Mampuyu, D2 = 
diag(/ii, iJ,l, . . . , jj-l ^ ), D[ = diag(A2, A2, . . . , A2 ^ ). Ecau U1U2 = U2U1, mo = A| = 1. 

floKaaameAhcmeo. IlycTb D = bd(D2! (-02)^^), D' = hd{D[, {D'l)^^). AHajiorHHHO ppKa- 
saTejibCTBy jicmmbi 4 paBencTBO tit2 = ^2^1 paBHOCHjitHO flByM paBencTBaM D'^'^ = D r 
{D'Y^ = {D'), HTO B CBOK) OHepeflb paBHOcmiBHO — D2 a {D[)^^ = D[. CjieflOBaTejit- 
HO, Hi — H A2 = Aj^, OTKyfla /if — — 1. □ 

SaMenaHHe 4. SaKATOHenue CAedcmeuA 3 maKOfce cnpaeedAueo Oaa 6AOHHO-dua30HaAt>Hux 
Mampu% c KOAUHecmeoM 6AOKoe 6oAi>me deyx. 

JleMMa 5. Uycmt {^1,722} — pasBuenue uucAa n, q — HeuemHO. Uycmb 

ti = hd{Ti, D2,T2, D2^)zui, U2 = hd{D[,T2, {D[)^^,Tl)r2, sde Ti,T2,T^,T'^ — npouseoAbuue 

HeeupoofcdeHHue Mampuvfii, D2 = diag(/ii, /xf , . . . , /if ^ ), D[ = diag(A2, A2, . . . , A2 ^ ). Tosda 

(1) Ecau tiU2 — U2ti, mo /if — 1; 

(2) Ecau tiU2 — —U2ti, mo /if — X2 — —1, rii — Henemno. BoAce moeo, ecAU rii > 1, mo 

= -1. 
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D. 



/J^OKasameAbcmeo. Paccyac^enHH aHajiorHHHbi ^^oKasaTejibCTsy jieMMbi 4. 

(1) nycTb D = hd{D2, (/^2)"^), D' = hd(D[, (D[)-^). PaBciicTBO tiU2 = 1*2^1 BjieneT 
Cjie/j,OBaTejibHO, D2 h coBiia/j,aiOT, OTKy/j,a fii = fi^^ 11 fif = 1. 

(2) B flaHHOM cjiynae paBencTBo tiU2 = —^2^1 paBHocHJibHo flByM paBencxBaM D'^^ — —D h 
(D')^i — nepBoro paBeHCTsa cjie^yeT, hto = —D2 n /il — —1. PacnHCbiBaa 
BTopoe paBeHCTBO nosjieMeHTHO, nojiynaeM: 



A 



A2 = 




Al = 


-A2 


2 — 


-Af"^ 


A- = 


-Af-^ 


A2^ = 


-A2-^ 



-A 



2 



Cjie;];oBaTejibHO, npn ni > 1 HMeeM A 



2 



-1 H Ar 



-A^ 



-1)2A^ 



Ai 



1)"^A2, OTKyfla A| = (—1)"^. Tax xax — 1) — Herao, to rii flOJiJKHO 6t>iT£> HeneTHbiM h 
= —1. B cjiynae ni~l nojiynaeM, hto A^^ = — A2, oTxy^a A2 = —1. □ 



JleMMa 6. Uycmt) {rii, n2, ■ ■ ■ , Um} — pasduenue hucaq n, zde m ^ 3. 

Uycmb si = bd(ri, T2, . . . , Tj)ai, S2 = hd{Tl, T^, . . . , T4)ct2, ede T2 = diag(/Xi, /X2, . . . , /^na); 
T[ — diag(Ai, A2, . . . , A^J. Tosda ecjiu S1S2 — S2Si{zI), mo z — 1, X'l — X2 — . . . — X'^^, 

IJ-l — 1^-2 — ■ ■ ■ — A'n2 ■ 

JJoKasameAbcmeo. B CHjiy paBencTBa S1S2 = S2Si{zI) HMeeM T^T^ — T^TmZlm, OTKy^a cjie- 
^yeT, HTO z — 1. OcTajiBHbie paBencTBa flOKaatiBaiOTCfl anajiornHHO paccyjKfleHHJiM b jicm- 
Me 3. □ 

JleMMa 7. IJycrnb {^1,77.2} — pa36ueHue hucaq n. Uycmt) s = bd(Ti, T2)(Ti, sde Ti — 
diag(Ai, A2, . . . , A„J, T2 = d\ag{fii, fi2, ■ ■ ■ , ^J'n2) ■ Tosda s"'^ — zl e moM u moAbKO e moM 
CAynae, ecAU X1X2 ■ ■ ■ X 



,,"1 



Jj(oKa3ameAbcm60. HocKOJiBKy cr"^ = Ii nojiynaeM, hto 



-("1-1) 



n-i — 1 no —2 



cr 



Til 



HojiyHeHHaji MaxpHi^a 6jjieT CKajiapHofi nocKOjiBKy jiio6oh ee ;];HaroHajibHbiH sjieMenx 6yjieT 
paBCH iipoH3Be/j,CHHio Bcex flHaroHajiBHBix 3jieMeHTOB MaTpHii,bi Ti, TO ecTB (TiCTi)"^ = all, r^e 
q; = A1A2 . . . Am- OcTajiBHbie paseHCTBa OHeBHflHbi. □ 



5 ^OKasaxejibCTBO xeopeMbi 2 

HanoMHHM, HTO cjiynaii neTHoii xapaKTepHCTiiKii 6mji paccMOTpen b saMeHaHHH 2, nosTOMy 
BCJOfly jiajiee paccMaTpHBaeTCH cjiynafi HeneTHoii xapaKTepncTHKH nojia h Torp^a ii;eHTp rpyn- 
nt>i Sp2„(5) cocTOHT H3 MaTpHi], ±/. MaKCHMajibHbiii Top H3 iipe^jiojKeHHJi 4 Gy^eM HasbiBaTb 
MaKCHMajiBHbiM TopoM, HMeioiii,HM THH {Wi) . . . (nfc)(nfc+i) . . . {rirn}- Cjieflyioiii,aa jieMMa orpa- 
HHHHBaeT paccMOTpeHHe cjiynaeB, b kotopbix HopMajiHsaTop Topa MoaceT Sbitb pacmenjiaeM. 
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JleMMa 8. nycmh T — MaKCUMQAhHuu mop e spynne G — Sp2„(?), UMewLU,uu mun 
{n{) . . . (rife)(njfc+i) . . . {rim), uT — o6pa3 mopa T e G — PSp2„(?). Tosda 

(1) Top T He UMeem donoAHenuA e N; 

(2) EcAU m ^ 3, mo mop T ne UMeem donoAHenuM e Nq{T). 

/JoKasameAbcmeo. (1) rTpeflnojioacHM npoTHBHoe. FlycTb H — ^onojiHeHHe ^jih T b N. TIo- 
cKojibKy (roj)"* = Tj, TO B jiioSoM cjivHac sjieMCHT Ti jieyKUT B Cw{w) ~ Ng{T)/T. riycTb Ui — 
npoo6pa3 sjieMeHTa Ti. Tor/j,a 3,;iCMCirT Ui hmcct bh^ 

fljifl HeKOToptix flHaroHajiBHbix MaTpnn; Di, . . . , Dm- Tor^a 

ui = bd(-7i, ■ ■ ■ , -^1, ^2"', ■ ■ ■ , ^;;')- 

C flpyroii CTopoHbi, ecjiH H — flonojineHHe fljia T b N, to uf — I. HpoTHBopeHHe. 
(2) HpeflnojiOiKHM npoTHBHoe. HycTb H — flonojineHHe fljia T b Nq(T), H — npooSpas H b 
N. riocKOJiBKy {vDi)'^^ — Ti, TO B J11060M cjiyHae sjieMeHTbi ti,T2 JieacaT b Cw{w) — Nq{T)/T. 
riycTb ui,U2 — npooSpasBi sjieivieHTOB ti, T2 b H. Tor^a 

u, = bdpi, D2, . . . , Dm, D^\-h), D^\..., D-i)ri, 

u, = bdpi, L*^, . . . , D'^, {D[)-\ {D',)-\-h), {D'J-')t2, 

r^e D2 = diag(yLii, yU^, . . . , fil ^ ), D[ = diag(A2, \l, . . . , ^ ). HocKOjibKy H — ^onojmeHHe 
fljia T B Nq{T), to M1M2 = £M2Mi Ml = £il, u\ = £2! ■ Ho ycjiOBHio m ^ 3, nosTOMy no jieMMe 6 
nojiynaeM U1U2 — U2U1, h ^ajiee b CHjiy saMeHanHfl 4 h cjie^CTBHa 3 HMeeM ii\ = 1. Tax xax 
= £i/„, TO no jieMMe 7 nojiynaeivi —1 = HpoTHBopeHne c — 1. □ 

JleMMa 9. IJycmb T — juaKCUMaAbHuu mop e epynne G = Sp2„(q'), UMewinuu mun (n) uau 
(n), uT — o6pa3 mopa T e G = PSp2„(q'). Toeda mop T uMeem donoAnenue e Nq(T). 

JJ^OKaaameAhcmeo. HycTb ti = bd(/i, Ci)ct7i, Si = Ui, Ui = bd(/i, — /i)ri. Tor^a ti,si,ui 
npnnafljieJKaT Sp2„(g), tf"" = —I, = I, uf = —I, SiUi = UiSi. fl^jia Topa Tnna (n) hojiojkhm 
H — (ti), a fljifl Topa (n) nojioJKHM H — {si) x {ui). HycTi. H — oGpaa rpynnbi H b PSp2„(Q'), 
Torfla H — flonojinenne fljia Topa T b Nq{T). □ 

JleMMa 10. IJycmt) T — MaKCUMaAhHuu mop e epynne G = Sp4(g), T — o6pa3 mopa T e 
G = PSp4(g). Toeda 

(1) EcAU mop T UMeem mun (1)(1), mo T ne UMeem donoAuenuA e Nq{T); 

(2) EcAU mop T uMeem mun (1)(1), mo T uMeem donoAuenue e Nq{T) mosda u moAbKO 
mosda, Kosda q = 1 (mod 4); 

(3) EcAU mop T uueem mun mo T uueem donoAuenue e Nq{T) moeda u moAbKO 
mosda, Kosda q = 3 (mod 4); 

/foKasameAbcmeo. (1) Hpe^^nojioacHM npoTHBHoe. HycTb H — flonojinenne j^jia T b Nq{T), 
H — npooSpas H b N . HycTb ^1,^2 — npoo6pa3i>i sjieivienTOB vdi,T2 b H. Tor^a 
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ti = diag(Ai, III, -Ai \ /i^ ■^)wi, U2 = diag(A2, //2, A2 \ -At2 ^)72, 



1. HocKOJibKy H — flonojiHeHHe fljia T b Nq{T), to 



rfle Ar^ = Af^ = 1, 

tf — eil,ul — £2! . C flpyroH CTopoHbi, t\ — bd(— 1, /^^, — 1, //^ ^) vl u\ — bd(A|, — 1, A2 ^, — 1). 
CjieflOBaxejibHo, ix\ — )^ — —1. TaxHM oSpasoM, ^\ — —1 h /^i"''^ = 1, hto bo3mojkho tojibko 
npn g = 1 (mod 4), a TaKace A| = — 1 h — 1, hto bo3mojkho tojibko npn = 3 (mod 4). 

HpoTHBopeHHe. 

(2), (3) Heo6xo/j,HMOCTb ycjiOBHii b iiyHKTax (2) h (3) ^OKasbiBaeTca anajiornHHO iiyHKxy (1). 

nOJIOJKHM 



Si = A 



/ 1 \ 

10 

10 

\ -1 y 



,S2 



/ 1 




Vo 1 



\ 

1 

-1 

y 



/ 1 \ 

10 

1 

\ 1 y 



B cjiyiae (2) B03i.MeM A e F^, TaKoii hto A^ = —1 h A^~^ = 1, a b cjiynae (3) BOSBMeivi 
A e Fp, TaKOH HTO A^ = — 1 H A^+^ = 1. Torfla si,S2,w e N,sl — si — —I,w^ — I. KpoMe 
Toro, S1S2 = —S2Si,Si = S2- IlycTb H — {si,S2,w), H — o6pa3 rpynnti H b PSp2„(g), Tor^a 
H — flonojiHeHHe fljia T b Nq{T). □ 

JleMMa 11. nycmh T — MaKCUMa/ibHuu mop e epynne G — Sp2„(g), UMetoinuu mun ijitjij^) 
uT — o6pa3 mopa T e G — PSp2„(?). Tosda T UMeem donojiHenue e Nq{T) e moM u moji'bKO 
6 moM cjiynae, ecjiu rii , 712 — HenemHue u q = 3 (mod 4) . 

JJoKosameAhcmeo. CnaHajia flOKaaceM HeoSxoflHMOCTb. HycTb H — flonojineHHe fljia T b 
Nq{T), H — npoo6pa3 H b N. HycTb ti,t2 — npoo6pa3i>i sjieivieHTOB zui,zu2 b H. Tor^a 

h = bd(L>i, D2, D^'Ci, D^^)wi, t2 = hdiD[, D'„ {D[)-\ iD',)-'C2)w2, 



r^e D2 = diag{iJ,i, fil, 
fljm T B Nq{T), to tit2 = et2ti, (ti)^"! 



, D[ = diag(A2,A^,...,A^ 



£il, {t2) 



. HocKOjiBKy H — ;];oiiojiHCHHe 
^^^2 = S2I. Tor^a H3 paBCHCTB (ti)^"^ = Sil 



H (i2)^"^ — ^2! B CHjiy jieMMbi 7 HMeeM //^"^ = —1 h Ag"^ = —1 cooTBeTCTBenHO. CjiynaH 
tit2 — ^2^1 HeB03M0JKeH B CHjiy nyHKTa (1) jieMMbi 4, nosTOMy npHMenaa nynxT (2) jieMMbi 4 

nojiynaeM, hto ni,n2 — HeneTHbi. Bojiee Toro, 



q-l 



-1, eCJIH 77,2 > 1 H A 



ni > 1. Cjiynaii rii 



n2 



1 pasoSpan b jicmmc 10, iiosTOMy fi{ 



— 1 HJIH A2 ^ 



— 1, ecjiH 
-1. 



HocKOJiBKy /x^"^ = — 1 H A2"^ = — 1, TO g = 3 (mod 4). Heo6xoflHMocTt> flOKasana, noKaaceM 
flOCTaTOHHOCTb. HycTb 77i,n2 — HeneTHbie n q = 3 (mod 4). Bo3bMeM A e Fp, TaKoii hto 
A^ = —1, Tor^a A^ = —A. OnpeflejiHM 



h = bd(/i, D2, Ci, D^')zui,t2 = hd{D[, h, {D[)-\ C2)zu: 



2, 

Tfl^e D2 = diag(A, —A, . . . , A, —A, X), D[ = diag(A, —A, . . . , A, —A, A). Torj^a ^1,^2 JieacaT b 
Sp2„(g), ti"^ = —I,tl^'^ = —I (cm. jieMMy 7) h tit2 = —^2^1- Ecjih Ui 7^ n2, to Cwiw) = 
{■uui, W2) — T^2nx ^ ^2n2 ^ ^ KaHccTBe H MOJKHo B3HTb H = (ti, t2)- HycTb H — o5pa3 rpyiiiibi H 
B PSp2„(q'), Torfla H — flonojineHHe fljia T b Nq(T). Ecjih rii = n2, to Cvy(w) — (Z„ x Z„) x Z2. 
B 3T0M cjiynae nycTb 

/ h \ 

Ji 
000/1 

\ 7i y 



U! 
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Tor^a uj e Sp2„(?),a'^ — I,ti — t2- IIojiojkhm H — {ti,t2,uj) , H — o6pa3 rpynnti H b PSp2„(g). 
Tor^a H — flonojineHHe fljia T b Nq{T). □ 

JleMMa 12. Uycm'b T — MaKCUMa/ibHuu mop e spynne G — Sp2„(g), UMeK>iu,uu mun (ni)(n2) 
uT — o6pa3 mopa T e G — PSp2„(?). Tosda T ne UMtem donojiHenuA e Nq{T) e moM u 
mojibKO 6 moM CAynae, ecAU ni,n2 — HenemHue u q = 3 (mod 4). 

/^OKasameAhcmeo. PaccMOTpHM CHanajia cjiynaii q = 1 (mod 4). FlycTb A e Fp, TaKoii hto 
= —1, A^"-*^ = 1. OnpeflejiHM cjieflyromne sjieivieHTbi 

si = wi, S2 = ^^2, ui = bd(/i, A/2, -h, A~^/2)ti, U2 = bd(A/i, h, A~^/i, -I2)t2. 

Torfla Sj,itj e Sp2„(g), s^' = I,uf = s"* = Sj,SiS2 = S2Sl,^il^i2 = -U2Ui,SiU2 = 
W2S1, S2iii = U1S2, rfle i = 1, 2. Ecjih ni 7^ 712, to Ci^(w) = {ui, Ti,uj2, T2) ~ (Z„^ x Z2) x (Z^^ x 
Z2) H onpe;];ejiHM i/ = (si, Ui, S2, U2)- Totj\& o6pa3 H rpynnt.1 H b PSp2„(q') Sy^eT ;];onojiHeHHeM 
^jiH T B N(j{T). Ecjih ni = n2, to Cvf('U^) — ((Z„i x Z2) x (Z„2 x Z2)) x Z2. HycTb w — sjie- 
MCHT, oiipeflejieHHbiH b ^OKasaTejibCTBe jicmmbi 11, Tor^a u G Sp2„(5'), = I,Si = S2, = U2- 
riojiojKHM H = {si,Ui, S2,U2,uj), H — o6pa3 H B PSp2ji(q'). Tor^a H — flonojineHHe fljia T b 

riepeiifleM k paccMOTpeHHio cjiynaa q = 3 (mod 4). ITycTb H — flonojineHHe fljia T b Nq{T), 
H — npoo6pa3 H b N. HoKasceM, hto b stom cjiynae ni,n2 oSflsaHti Sbitb neTHbiMH. IlycTb 
Si,Ui, S2,U2 — npoo6pa3i>i sjieivieHTOB uji,Ti,uj2,T2 b H. Tor^a 

si = bd(Di, D2, D^')uj,, u, = bd(Ei, B2, -B^\ B^')n, 

S2 = bd(L'l, D'^, {D[)-\ iD',)-^)uj2, U2 = h^{B[, B',, (5^)-^ -(5^)-^)t2. 

rfle Di = diag(Ai, A?, . . . , Af = diag(/ii, /if , . . . ^/xf" D[ = diag(A2, A^, . . . , Af 

D2 = diag(/i2, /i2, • • /^f ' ), ^1 = diag(ai, a?, . . ), ^2 = diag(/3i, . . . , /3f' ), = 

diag(a2,a2> • • • ,af ' ), 5^ = diag(/32, Z?!, • • • > /^fl )• 

rioCKOJIBKy if — flOnOJIHCHHe flJia T B N^{T), to, B naCTHOCTH, ^OJIJKHBI BblllOJIHaTbCH 

paBCHCTBa uf — eil,u\ — £2/, S1U2 — SzU2Si, S2U1 — e^uiS2. Ho jieMMe 7 hs paBencTB = 
eil,ul — 62! nojiynaeM, hto — —1, q;| = —1. ^ajiee, h3 cooTHomenHfl S1U2 — SzU2Si, b 
nacTHOCTH, cjie^yiOT paBencTBa 

0.2 — S^Ci2 

a\ = £3Q;2 

0:2 = £^30^2 

Ecjih £3 = 1, to q;|~^ = £3 = 1 h npn stom — —1, oTKy^a 5 = 1 (mod 4). CjieflOBaTejEbHO, 

£3 = —1 H Q.2 = —Ci\ = ( — 1) a2 = . . . = ( — l)"^a2, HTO B03M0JKH0 TOJIBKO npH HCTHOM 

rii. AnajiorHiHo, h3 paBcncTBa S2M1 = £4^152 cjieflycT, hto £4 = — 1 h /3i = (— l)"^/^^. TaKHM 
o6pa30M, HHCjra ni,n2 floxrjKHbi Sbitb HeTHbiMH. 

^ajree CHHTaeM, hto ni,n2 neTHbi n q = 3 (mod 4). HycTb A e Fp, TaKofi hto A^ = — 1; 

-1 — 

^1,^2" nepBOo6pa3Hbie kophh h3 1 CTenenn 5"^ — 1, g"^ — 1 cooTBeTCTBenno, ai = , '^i = ^1 ^ , 

= C2\ 1^2 = ^2' ■ Tow A^-i = -1, a; = -1, /.^ = -1, Af-a?-^ - 1, = 1. 

OnpeflejiHM cjreflyiomHe sjreMeHTbi 
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Si = bdpi, D2, D^^)uji, S2 = hd{D[, D'^, {D[)-\ {D'^)-^)uj2, 
r^e D2 = diag(A, - A, . . . , A, - A), D[ = diag(A, - A, . . . , A, - A), 



Ii ecjiH ni = (mod 4) 

diag(Ai, Af, . . . , Af"^ ) ecjin rii = 2 (mod 4) 



D'2 



I2 ecjiH 712 = (mod 4) 

diag(/i2, • • • ) /^2 ^ ) ecjiH n2 = 2 (mod 4). 

MaTpHII,t>I Di H D'2 Bbl6paHbI TaKHM 06pa30M, HTo6bI s"^ H Sg^ lIOJiyiHJIHCb CKajiapHblMH. 

^eftcTBHTejibHO, ecjiH rii = (mod 4), to A"i = 1 h no jieMMe 7 nojiynaeM s"^ = /, a ecjin 

Hi = 2 (mod 4), TO AiA^ . . . A^ = A;^ ''^ = —1, A"^ = — 1 h no jicmmc 7 iiojiynaeM 
s"^ = —7. AnajiornHHO, 82^ = I npn n2 = (mod 4) h = — / iipn n2 = 2 (mod 4). 
OnpeflejiHM sjieivieHTM 

u, = bd(5i, B2, -B^\ B2')t,, U2 = hd{B[, B'2, {B[)-\ -{B'2)-')t2, 

r^e B2 = diag(A, - A, . . . , A, -A), B[ = diag(A, - A, . . . , A, - A), 



Bi^ 



Ii ecjiH ni = (mod 4) 

diag(Q;i, al, . . . ,al^ ) ecjin rii = 2 (mod 4) 



, J I2 ecjiH n2 = (mod 4) 

-Do ^ \ no — 1 

I diag(/32, • ■ • , /3| ) ecjiH n2 = 2 (mod 4) . 

MaTpHUbi Bi H B'2 Bt>i5paHt>i TaKHM o6pa30M, HTo6t>i siUi = uiSi \\ S2U2 = U2S2. /Jefi- 
CTBHTCjibHO, iiycTB D = hd{Di, {Di)^^)j B = bd(i?i, — (i?i)~^). Tor/j,a paBencTBO SiUi = UiSi 
paBiiocHjiBHO DuiBti = BtiDui, OTKy/j,a DB'^^ = BD'^^. B cjiynae ni = (mod 4) iiocjie^- 
Hee paBCHCTBO TpHBHajibHO. B cjiynae n\ = 2 (mod 4) paBencTBO DB'^^ = BD'^^ paBHOCHjibHo 
ycjiOBHK) Xial — CKiAf ^, KOTopoe BbmojineHO b CHjiy BbiSopa sjieivieHTOB Ai h cci. AnajiorHHHO, b 
cjiynae 712 = 2 (mod 4) paBencTBO 521*2 = 1*2^2 paBHOCHjibHO ycjiOBHio //2/5| = P2fJ'2^, KOTopoe 
BBinojiHaeTCfl. ^ajiee, nenocpeflCTBeHHO npoBepaiOTCfl cjieflyioiii,He paBencTBa: 

uj^ul^ -I, S1U2 = -U2S1, S2U1 = -U1S2, U1U2 = -U2U1, S1S2 = -S2S1. 

EcjiH rii 7^ 712, TO Cwiw) ~ (Z„j X Z2) X (Z„2 X Z2) H onpeflejiHM H — {si,Ui, S2,U2) ■ HycTb 
H — o6pa3 rpynnbi H b PSp2„(5'), Tor;];a H — flonojineHHe fljia T b Nq{T). Ecjih 7ii = 712, to 

~ {{Zin^ X Z2) X (Z„2 X Z2)) X Z2. HycTb cu — sjieMCHT, onpe;];ejieHHbiH b ^^oxasaTejibCTBe 
jieMMbi 11, Tor^a u G Sp2„(q'),i^^ = 1,1^ = t2. IIojiojkhm H = {si,Ui, S2,U2,uj) , H — oGpas 
rpymibi H b PSp2„(5). Tor^a H — flonojineHHe fljia T b Nq{T). □ 

JleMMa 13. ITycmt) T — jviaKcuMaAbHuu mop e spynne G — Sp2„(g); UMewmuu mun ijii){n2) 
uT — o6pa3 mopa T e G = PSp2„(5'). Tosda T uMeem donoAHCHue e Nq{T) e moM u moAbKO 
6 moM CAynae, ecAU rii — Heuerrmo, n2 — nevriHO u q = 3 (mod 4). 

/^OKOsameAhcmeo. CnaHajia ^^oxaaceM Heo6xoflHMOCTi>. HycTb H — flonojineHHe j^jia T b 
Nq{T), H — npoo6pa3 H b N. HycTb ti, U2 — npooSpaati sjieivieHTOB roi, T2 b H. Tor^a 

h = bd(L>i, D2, D^^G,, D2')wr, U2 = bd(L>i, L>^, {D[)-\ -(L'Q-^)r2, 
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r^e D2 =jliag(//i,//f,...,//f' ')^//f' ^ = 1, -Di = diag(A2, A|, . . . , Af Af +^ = 1. Ho- 
CKOJibKy H — flonojiHeHHe fl^jis T b Nq{T), to ^11*2 = su2ti, (ti)^"^ = eil.ul = 62!. Tor^a 

H3 paBCHCTB (ti)^"^ = €il VL = S2I B CH.nV JieMMbl 7 HMCeM //^"^ = —1 11 = —I COOTBCT- 

CTBeHHO. CjiynaH tiU2 = ^2^1 HeBoaMOJKen b CHjiy nyHKTa (1) jieMMbi 5, no3TOMy npHMCHHa 
nyHKT (2) jieMMbi 5 nojiynaeivi, ^to rii — ne^eTHO. Bojiee Toro, ecjin rii > 1, to no nynxTy (2) 
jieMMbi 5 HMeeM Al""*^ = —1, OTxy^a q = 3 (mod 4). Ecjih rii = 1, to flOJiacHO BMnojiHflTbCfl 
Xp~^ — 1, OTKy^a q = 3 (mod 4). TaKHM o6pa30M, b jiioSom cjiynae g = 3 (mod 4). 

IlycTb S2 — npooGpaa sjieMenTa U2 b H. Tor;];a ppjiyKKO BbinojiHaTbca paBencTBO tiS2 — 
£352^1, OTKy^a, B HacTHocTH, D2^ = e^D2. CjieflOBaTejiBHo, 

Ecjih £3 = 1. to = £3 = 1 h npn stom ji\ = —1, OTKy^a q = 1 (mod 4), hto neBOSMOJKHO. 
Cjic/j,OBaTCjibHO, £3 = — 1 H /ii = — = (— 1) /i^ = . . . = (— oTKy^a cjie^yeT, 
MTo n2 o633aHo GbiTb HeTHbiM. HeoGxoflHMocTB flOKasana, iioKa>KeM /j,ocTaTOHHocTb. 

/^ajiee CHHTaeM, hto rii HeneTHO, n2 hbtho h q = 3 (mod 4). HycTb A e ¥p, TaKoii hto 

— 

A^ — —1; ,^2 ^ iiepBooSpasHbiH Kopenb h3 1 CTenenn g"^ — 1, /32 = ^2 ? = • Tor^a 
A^ = — 1, /i2 ' ^ = ~li ■ =1- Oiipe/],ejiHM cjic^yromHe sjieMeHTbi 

= bd(/i, D2, C, D2')w,, S2 = bd(Di, D'^, {D[)-\ {D'^)-')uj2, 
rfle i:)2 = diag(A, - A, . . . , A, - A), D[ = diag(A, - A, . . . , A, - A, A), 



D'2 



I2 ecjiH n2 = (mod 4) 

diag(/X2, . . . , /X2 ^ ) ecjiH 72,2 = 2 (mod 4). 

MaTpHii;a D2 BbiGpana TaKHM o6pa30M, HTo6bi nojiynnjiacb CKajiHpHofl. /JeflcTBHTejibHO, 
ecjiH n2 = (mod 4), to A"^ = 1 h no jieMMe 7 nojiynaeM = /, a ecjin 77,2 = 2 (mod 4), 

TO /i2/i2 • • •/^2 = ^~ — ''^"^ = — 1 H no jiBMee 7 nojiynaeM s^^ — —I. Haxonen;, 
onpeflejiHM ajieMCHT 

U2 = hd{Bi, B2, {Bi)-\ -(S2)-i)t2, r^e Bi = diag(A, -A, . . . , A, -A, A), 



ecjiH 772 = (mod 4) 
diag(/32, • • • , Z?!"^ ^) ecjin 712 = 2 (mod 4) 



MaTpHn;a i?2 Bbi5paHa TaKHM o6pa30M, HTo6bi S2'"2 = U2S2. /leficTBHTejibHO, nycTb D = 
hd{D2, {D2)~^), B = bd(i?2, —(-62)^^)- Tor^a paBCHCTBO S2''^2 = ^^2=^2 paBHOCHjibHO DUJ2BT2 = 
BT2DLJ2, OTKy^a DB^^ = BD'^^. B cjiynae 772 = (mod 4) nocjie/j,Hee pabencTBO TpHBHajibHo. 
B cjiynae 712 = 2 (mod 4) paBencTBO DB'^^ — BD'^'^ paBnocnjibno ycjiOBHio /X2/S| = /32A*2 ^) 
KOTopoe Bbinojineno b cnjiy BbiSopa sjieMenTOB //2 n ^2- ^ajiee, nenocpe^CTBenno npoBepjuoTca 
cjieflyioni,He paBencTBa: 

t^^^ = Tii = —I,tiU2 = -7i2^1,^lS2 = —S2tl. 
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HocKOJibKy rii ^ n^, to Cwiw) ~ 1^2711 ^ C^n^ ^2)- OnpeflejiHM H — (ti, 52,1*2), H — o6pa3 
rpynnbi H b PSp2„(?). Tor^a H — flonojineHHe pjia T b Nq{T). □ 

B jieMMax 8-13 h saMeHanHH 2 paccMOTpeHti Bce thhijI MaKCHMajitHbix TopoB b rpynne 
PSp2n(?), OTKy^a cjie^yeT Teopeivia 2. Cjie^CTBHe 2 cjie^yeT h3 saMenaHHa 2 h nynxTa (1) 
jieMMbi 8. 

B saKjiio'ieHHe aBTop BbipajKaex 6jiaroflapHocTt> A. A. ByTypjiaKHHy h E.n. BflOBHHy 3a 
o6cy>K/],eHHe paGoTti h i];eHHi>ie saMeHaHHfl. 
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